We report the discovery of an SX Phoenicis type pulsating component in the Algol-type semidetached eclipsing binary QU Sge, in the metal-rich globular cluster M71. QU Sge is only about 80Љ from the center of M71 and is located in the blue straggler region in the color-magnitude diagram of M71. It is considered to be a probable member of M71, with a membership probability greater than 60% deduced from a proper-motion study in the literature. From time-series CCD photometry, we find that QU Sge has an orbital period of 3.790818 days and a primary minimum depth of DV p 1.333 mag. The eclipsing light curve solution shows that QU Sge has a semidetached binary configuration with the secondary component fully filling its Roche lobe. After subtracting the eclipses from the light curve, we discover an SX Phoenicis type pulsation feature. It is found to have a short period of about 0.03 days and a small amplitude of about 0.024 mag. This is the first eclipsing binary system in a globular cluster to exhibit a pulsating feature. This result supports the model in which the origin of some blue stragglers in globular clusters is mass transfer between two components in the primordial binary systems.
INTRODUCTION
Blue straggler stars (BSSs) are mysterious objects that are bluer and brighter than the main-sequence turnoff and are found in globular clusters or old open clusters. Since the first BSSs were found in the globular cluster M3 by Sandage (1953) , more than 3000 have been discovered in globular clusters (Piotto et al. 2004; Davies et al. 2004) .
However, the origin of BSSs is still controversial. The two most popular explanations are collisional scenarios and mass transfer scenarios (Bailyn 1995; Bailyn & Pinsonneault 1995; Sarajedini 1997; Sills & Bailyn 1999; Ferraro et al. 1999; Carney et al. 2001; Bellazzini et al. 2002; Davies et al. 2004; Chen & Han 2004) . In the collisional scenarios, BSSs are produced in mergers from the direct collision of two or more mainsequence stars, most likely in dense environments such as the central regions of globular clusters. On the other hand, in the mass transfer scenarios the BSSs are produced as a result of the evolution of primordial binaries. Primordial binaries get closer as they evolve, coming into contact through mass transfer between the two components, which finally leads to coalescence. This mechanism is preferable in low-density environments such as the field or the outer regions of clusters. Either or both of these may be needed in order to explain the observed spatial distribution of BSSs (Mapelli et al. 2004) .
One interesting aspect of the BSSs is that some of them in globular clusters are variable stars of the SX Phoenicis type. These are Population II pulsating variable stars that have very short periods and very small amplitudes, often found in globular clusters and dwarf spheroidal galaxies. To investigate the nature of the BSSs, we have been carrying out a photometric survey to search for pulsating BSSs-that is, SX Phoenicis stars-in Galactic globular clusters since 1999 using the 1.8 m telescope at the Bohyunsan Optical Astronomy Observatory in Korea. To date, we have observed 18 SX Phoenicis stars in three globular clusters, M15, M53 and NGC 5466, 12 of which are new discoveries (Jeon et al. 2001 (Jeon et al. , 2003 (Jeon et al. , 2004 .
In this Letter, we present the discovery of a short-period pulsating component in the eclipsing binary QU Sagittae in the globular cluster M71. QU Sge is classified as an E-type (eclipsing) variable in the General Catalogue of Variable Stars (Kholopov et al. 1998) .34 and decl. p ϩ18Њ45Ј43Љ .4 (Clement et al. 2001) . The eclipsing variability of QU Sge was first studied by Sawyer (1953) , who determined the period of QU Sge to be 3.7907 days with an epoch at minimum of HJD 2,433,481.78 (see Clement et al. 2001) .
M71 (NGC 6838) is one of the most metal-rich Galactic globular clusters, with [Fe/H] p Ϫ0.73, and has an interstellar reddening E(BϪV) p 0.25 and a distance modulus (m Ϫ M) V p 13.75 (Harris 1996) . It exhibits a well-resolved spatial structure and has a very red horizontal branch. In M71, a total of 29 variable stars are known (Clement et al. 2001 ).
OBSERVATIONS AND DATA REDUCTION
We obtained time-series CCD images of M71 for 29 nights from 2000 July 8 to 2004 August 24. We adjusted the exposure times from 50 s to 200 s in V band depending on the seeing (1Љ .0-3Љ .3) and transmission of the night sky. The observation system and data reduction are the same as used in Jeon et al. (2004) . A gray-scale map of a V-band CCD image of the central region (2Ј .5 # 2Ј .5) is displayed in Figure 1 . We applied the ensemble normalization technique (Gilliland & Brown 1988) to normalize instrumental magnitudes between the frames, as described in Jeon et al. (2004) .
RESULTS
In Figure 2 , we display the color-magnitude diagram (CMD) of the measured stars in M71, including QU Sge and a new SX Phoenicis star, NGC 6838 SXP 1, found in this study. We (2000), and QU Sge and SXP 1 from this study. H2 and SXP 1 are not considered to be members of M71. Note.-The parameters are mass ratio q, orbital inclination i, effective surface temperature T, dimensionless surface potential Q, potential for the inner critical surface Q crit (fill-out factor p Q crit /Q), bolometric albedo A, gravity-darkening (brightening) exponent g, bolometric and monochromatic limb-darkening coefficients X and x V , respectively, the contribution of each component to the total luminosity of the binary system L/(L 1 ϩ L 2 ) V , and the radii r(pole, point, side, back, volume) along different axes of the system. a Fixed parameter. b Mean volume radius.
also plot a known SX Phoenicis star, NGC 6838 H1 (Hodder et al. 1992) , and five SX Phoenicis candidates: NGC 6838 H2 (Hodder et al. 1992) , YM V9, YM V13, YM V16, and YM V22 (Park & Nemec 2000) . The magnitudes and colors of the variables, except for QU Sge and SXP 1, in Figure 2 are adopted from Clement et al. (2001) . H2 and SXP 1 are not considered to be members of M71. We confirmed that H1 is an SX Phoenicis type star and found that it shows a double radial mode. However, we could not identify V9, V13, V16, and V22 in our data. QU Sge is the brightest and bluest among the known SX Phoenicis stars considered to be members of M71. We estimate the mean magnitude and color of QU Sge to be AV S p 15.240 ‫ע‬ 0.028 and ABSϪAV S p 0.442 ‫ע‬ 0.040, respectively. The mean magnitudes were obtained using the data for the orbital phases from 0.10 to 0.20 and from 0.80 to 0.90, that is, for noneclipsing phases. These are similar to the values obtained by Arp & Hartwick (1971) , V p 15.11 and BϪV p 0.46, but are somewhat different from those given by Geffert & Maintz (2000) , V p 15.146 and BϪV p 0.667. The cause of the difference in color between this study and Geffert & Maintz (2000) is not known. Figure 3 displays the V-band light variations of QU Sge. It shows a light curve typical for eclipsing binaries. We first constructed a synthetic light curve using the 1998 version of the Wilson-Devinney code (Wilson & Devinney 1971) to derive the orbital properties of the variable star. The details of the light-curve solution are summarized in Table 1 . The spectral type of the primary component was assumed to be A3 V (Liller & Tokarz 1981) . The temperature of the secondary derived from the models (5740-5750 K) indicates that it may be G3 V or G0 III. We tried the detached (mode 2) and semidetached (mode 5) configurations in the Wilson-Devinney code and found that the secondary component filled its Roche lobe in both config- urations. Therefore, we conclude that QU Sge is an Algol-type semidetached eclipsing binary system with the secondary component fully filling its Roche lobe and the primary filling its Roche lobe by about 33%. Second, we subtracted the synthetic eclipsing light curve from the data and examined the residuals to search for the existence of any other light variations. We performed a multiple-frequency analysis to detect any periodic signal in the residuals, using only the data from nine nights with good photometric precision in out-of-eclipse phases. Figures 4 and 5 display the light variations of the residuals and power spectra of QU Sge, respectively. The low frequencies in the data panel of Figure 5 may originate from an incomplete synthetic eclipsing curve or nightly variations. Excluding these low frequencies, we find two strong peaks, as shown clearly in the two bottom panels: f 1 p 35.883 cycles day Ϫ1 and f 2 p 39.867 cycles day Ϫ1 . The signal-to-noise amplitude ratios of f 1 and f 2 are 8.1 and 4.5, respectively. We considered only the frequencies with ratios larger than 4.0 to be real, as suggested by Breger et al. (1993) . The frequency ratio of f 1 and f 2 is 0.90, and a frequency modulation feature caused by these closely separated frequencies is visible in Figure 4 . The period ratio for QU Sge is higher than the typical value of 0.8 for radial modes (fundamental and first-overtone modes). This indicates that at least one of the two periods of QU Sge originates in a nonradial mode. Similar results are seen for the SX Phoenicis stars in M15 (Jeon et al. 2001 ), M53 (Jeon et al. 2003) , NGC 5466 (Jeon et al. 2004) , and M55 (Pych et al. 2001 ). The maximum peak-to-peak amplitude is 0.024 mag in V band. Results of the analysis are summarized in Table 2 . These pulsational features of QU Sge are typical for SX Phoenicis type variable stars. QU Sge is the first eclipsing binary system found to have a pulsating primary star in a globular cluster, to our knowledge.
DISCUSSION
First we discuss the membership of QU Sge. QU Sge is only about 80Љ from the center of M71 and is located in the BSS region of the CMD, indicating that it is probably a member of M71. In addition, previous studies of the proper motions of stars in M71 suggested that the variable is a probable cluster member, with membership probabilities greater than 60% (Geffert & Maintz 2000) and about 51% (Cudworth 1985) . These results (based on the spatial location, proper motion, and being a BSS) suggest that QU Sge is a likely member of M71.
On the other hand, Liller & Tokarz (1981) suggested that V3 (pQU Sge) is a nonmember from their radial velocity data. They also listed as nonmembers two other variable stars, V56 and V168 in q Cen. The radial velocity difference of V56 from the cluster q Cen is about 90 km s Ϫ1 (Table 1 of Liller & Tokarz 1981) , and that of QU Sge from M71 is about 48 km s Ϫ1 . Van Leeuwen et al. (2000) examined the membership of the variable stars in q Cen using proper-motion data and found membership probabilities for V56 and V168 of 100% and 0% with the best data quality, respectively. The cluster membership of V56 de-L132 JEON ET AL.
Vol. 636 duced by van Leeuwen et al. (2000) is opposite to that by Liller & Tokarz (1981) . This suggests that the cluster membership rejection of QU Sge given by Liller & Tokarz could be incorrect. Their results were based on a single measurement of the radial velocity for each target. More measurements of the radial velocity of QU Sge are needed in order to investigate this further. Second, we discuss the implications of our discovery. Mkrtichian et al. (2002) introduced a new class of very interesting objects, oEA (oscillating EA) stars. This new pulsating group has been defined as "the (B)A-F spectral type massaccreting main-sequence pulsating stars in semi-detached Algol-type binary systems." Their pulsation characteristics are similar to those of normal d Scuti stars, but their evolution scenario is very different as a consequence of mass accretion. The oEA stars form as low-mass companions in detached binary systems. Evolution of the more massive component leads it to fill its Roche lobe and results in mass transfer onto the lower mass component: a semidetached configuration. The lowmass component evolves along the main-sequence track (Mkrtichian et al. 2004) , nearly parallel to the track. A significant part of the transferred mass is captured by the current primary, pulsating component. This is basically the same scenario as BSS origin due to mass transfer in binary systems (McCrea 1964) . Up to now only 18 oEA stars are known, including the latest variable, IU Per (Kim et al. 2005) , and all of them have d Scuti type (Population I) pulsation properties. QU Sge is the first such star (i.e., oEA type) found in a globular cluster, and this BSS is considered to have formed through mass transfer. On the other hand, most researchers indicate that the BSSs in the cores of globular clusters are principally created by stellar collisions, while external BSSs are formed from mass transfer in primordial binaries. For example, from a comparison of the observed and simulated BSS distributions in the globular cluster 47 Tuc, Mapelli et al. (2004) suggested that a sizable fraction of the BSSs are required to have been generated by mass transfer in primordial binaries at peripheral regions of (30-60)r c , where r c is the core radius of the cluster. QU Sge is located in the sky at only about 2r c from the center of M71, whose core radius is r c p 38Љ (Harris 1996) . We suggest therefore that QU Sge, experiencing mass transfer, may be located far from the center of M71 along the line of sight; that is, the apparent proximity of QU Sge to the cluster center may be a projection effect.
From a study of blue metal-poor stars (BMPs) in the field that were considered to be BSSs, Preston & Sneden (2000) and Carney et al. (2005) suggested that the primary origin of BSSs in the field may be mass transfer. Among the BMPs, there are three known spectroscopic binaries with an SX Phoenicis type pulsating primary component: CS 22966-043, CS 29499-057, and CS 22871-040 (Preston & Landolt 1998; Preston & Sneden 2000) . QU Sge is similar to these three stars in that it displays an SX Phoenicis type pulsating feature in a binary system, indicating again that its origin may be mass transfer. However, we note that its orbital period of about 3.79 days is much shorter than the periods of those field stars, which have orbital periods of several hundred days. Theoretical modeling is needed in order to investigate this point further.
